Age-related changes in serum concentrations of C-reactive protein (CRP), haptoglobin (Hp), serum amyloid A (SAA), and pig major acute phase protein (pig-MAP) were investigated in healthy pigs from birth to slaughter under field conditions. Repeated blood samples were obtained from 60 pigs at ages of 1-19 weeks. Concentrations of acute phase proteins (APP) were measured with the use of commercial ELISA kits. Concentrations of all APP increased with age (P<0.05) and positive correlations were evidenced between their concentrations and the age of pigs. Great variations in CRP, Hp, and SAA concentrations were found, as can been seen from standard deviation values. The minimal individual variability was found in regard to pig-MAP. A significant increase in all APP was observed in pigs' serum after weaning, constituting an important characteristic of this period. The elevation of APP after weaning may be associated with stress induced by mixing animals after weaning or changes in the pattern of feed administration. The peak in APP may be also caused by the initiation of synthesis of these proteins by piglets. Because a significant association between age and APP concentrations exists, further studies are needed to decide whether the age may influence the diagnostic value of APP as a marker of infection. Additionally, studies are needed to estimate whether the APP response in infection is age-dependent to any clinical importance degree.
The acute phase response (APR) is an early response of the organism caused by various factors (3, 4, 22, 23) . This reaction is mediated by pro-inflammatory cytokines and involves local and systemic effects, including changes in the concentrations of acute phase proteins (APP). The APP consists of negative and positive proteins (22) . The serum concentrations of positive APP e.g. haptoglobin (Hp), C-reactive protein (CRP), serum amyloid A (SAA), and pig major acute phase protein (pig-MAP), increase during the APR, whereas the serum concentrations of negative APP e.g. albumin (Alb), decrease (3, 7, 8) . The exact biological effects of APP remain largely unknown, but they are thought to participate in the innate immune defence mechanisms and in controlling inflammatory responses to infection by binding to foreign substances, that have opsonising activities and modulating phagocytic cell functions (14) .
During the last few years, a significant increase in interest in porcine APP has been observed, especially with respect to their potential usage as markers of health status and animal welfare, and indicators of infection or inflammation (1) (2) (3) (4) 10) . The APP assay has also been shown to be an interesting tool for the evaluation of treatment efficacy (11, 12) . However, up to now, the knowledge about age related changes in the serum concentrations of APP in healthy pigs from birth to slaughter is restricted.
Therefore, the aim of the present study was to determine the serum concentration of major pigs' APP (CRP, Hp, SAA, and pig-MAP) in healthy pigs from commercial farm over a lifetime (from birth to slaughter).
Material and Methods
Animals. Sixty clinically healthy pigs (30 gilts and 30 barrows) from a commercial breeding farm with the high health status were used. The herd was seronegative to porcine reproductive and respiratory syndrome virus and pseudorabies virus. No evidence of pleuropneumonia, streptococcosis, and atrophic rhinitis was recorded at any age group of the pigs, based on clinical, serological, and pathological examinations from over a 5-year period. Complete management and health data were kept for the sows and their offspring. Production was an "all in-all out" procedure with a thorough cleaning between batches. The piglets were weaned at approximately 28 d of life, and slaughtered around the 21 st week of life. Three pigs got sick during the period of study and all data from those animals were omitted from the statistical analysis. Additional two pigs were excluded after postmortem examination carried out at the slaughterhouse (the macroscopic changes in their lungs were found).
Sample collection. 
Results
The obtained results indicate that concentrations of all investigated APP generally increased with age and positive correlations existed between concentration of all APP and the animals' age. There were no significant differences between the levels of investigated proteins in barrows and gilts (P≥0.05).
C-reactive protein.
The concentration of CRP ranged from 18.83 ±12.36 μg/mL in 7-day-old piglets to over 28 μg/mL in 13-week-old animals, and remained at that level to the end of the study. The lowest concentration of CRP (14.23 ±10.38 μg/mL) was observed on the 28 th day of life. After weaning the level of CRP tended to increase. From weaning to the end of the study the concentration of CRP increased 2-fold. A significant difference was found between the level of CRP in 4 and 13-week-old pigs (P<0.05). Similarly as for other APP, the positive correlation was evident between the mean concentration of CRP and pig age (RSpearman=0.30, P<0.05). Additionally, slight correlation was found between concentration of CRP and Hp (R-Spearman = 0.30, P<0.05). The mean (±SD) concentration of all APP during whole fattening period is shown in Fig. 1 . Haptoglobin. The concentration of Hp also generally increased with age. Strong positive correlation was found, between concentration of Hp and the pigs' age (R-Spearman = 0.63, P<0.001). The increase in Hp serum concentration was from 0.63 ±0.16 mg/mL on the first week of life to over 1 mg/mL in older pigs (from 10 weeks of age). The short-term decrease observed before weaning (from 1 to 2 weeks of life) was not significant. Concentrations of Hp were the highest in pigs between 13 and 16 weeks of age. The levels of Hp observed from 10 weeks of life were significantly higher than in pigs before weaning (P<0.05). From the 10 th to 16 th week of life, the level of Hp in the serum was almost 2-fold higher than at the first weeks of life. In 19-week-old pigs, a slight decrease in Hp concentration was found. A positive correlation between concentration of Hp and pig-MAP (R-Spearman = 0.45, P<0.05) was also evidenced.
Serum amyloid A. The concentration of SAA also increased significantly with age. During the first 4 weeks of life, the mean levels of SAA were relatively stable and ranged from 0.92 to 1.16 μg/mL (P≥0.05). From 6 to 8 weeks of life, the concentration of SAA was 2-fold higher than before weaning. Significant differences were found between serum SAA concentration up to 4 weeks of life and those observed in 16-week-old animals (P<0.01). At this time, the level of SAA was over 3-fold higher than at the beginning. In 19-week-old pigs the concentration of SAA decreased to 2.02 μg/mL. A positive correlation was observed between concentration of SAA and the pigs' age (RSpearman = 0.45, P<0.05).
Pig major acute phase protein. The mean concentration of pig-MAP ranged from 0.84 ±0.1 mg/mL to 1.30 ±0.24 mg/mL during the period of the study. The lowest value was observed in 3 weeks old piglets and the highest in 16 weeks old fatteners. No significant differences were observed between serum levels of pig-MAP in animals younger than 8 weeks (P≥0.05). Starting from 13 weeks of life, the mean concentrations of pig-MAP were significantly higher (P<0.05) as compared to the levels observed in animals younger than 8 weeks. The mean concentration of pig-MAP increased over 1.3-fold from 1 to 16 week of life. At the end of the study, the mean level of pig-MAP decreased slightly but not significantly. A positive correlation was found between serum concentration of pig-MAP and the pigs' age (R-Spearman = 0.45, P<0.001).
Discussion
Studies on APP of domestic animals have expanded greatly since the 2000s (2, 5, 11, 13, (23) (24) (25) . This has largely been caused by the realisation that monitoring the concentrations of the APP can provide the means to assess the immune system response to disease, inflammation, or trauma (6, 7, 11) and on this basis to monitor animals' health status. It is clear, that before APP concentrations as the indicators of animals' health status will be accepted, and studies are needed to establish the range of concentration of APP in healthy pigs at different ages.
In the present study, the physiological concentration of four APP in the sera of pigs (from 1 to 19 week of age) was quantified using commercial ELISA kits. The results showed important changes in the protein concentrations during this period. The results obtained in this study represent the first reported data about changes in SAA and CRP concentrations from birth to slaughter in normal, apparently healthy pigs from commercial farm. However, it should be underlined that it is difficult to characterise a pig as an animal free of disease under field conditions, even when based on clinical and laboratory examinations. Therefore, we decided to examine pigs also in the slaughterhouse (post-mortem examination).
In accordance with the results of previous experiments (17, 26) , a positive correlation between concentration of APP and age of pigs was found. In our study, most investigated APP showed maximum mean concentration between 13 and 16 weeks of age. The levels of most investigated APP decreased at 19 weeks of life, with exception of CRP. In accordance with Lipperheide et al. (11) , and in contrast to Piñeiro et al. (20) , no significant effect of gender on APP concentration in serum was found. However, in our study all males were castrated during the first 3 d of life.
Haptoglobin is one of the most studied APP in pigs and some data about its concentration at various stages of life have been published already (9, 16, 20) . High levels of this protein were found in pigs affected with bacterial infections (5, 23, 24) or inflammation (9) . The expression of this protein during foetal development in pigs is limited, but during the first days of life there is a significant increase in the serum concentration of Hp (13). Martin et al. (13) , who investigated the concentration of selected proteins in sera of normal pigs during postnatal development, found that during the first days of life, an important increase in the levels of this protein, reaching values higher than those found in the sera of 6-month-old pigs, was observed.
In accordance to our findings, in the study of Martin et al. (13) , a decrease in Hp concentration from 6 to 14 d of life was observed. However, the Hp concentration remained relatively constant until the time of slaughter, while in our study the subsequent increase of Hp concentration was found till 16 week of life, followed by a slight decrease in 19-week-old pigs. A possible explanation of these differences could be a different blood sampling schedule. In our study, the blood was taken every 2-3 weeks while in the study by The changes in pig-MAP levels observed by Martin et al. (13) were very similar to those of Hp. At birth, the concentration of Pig-MAP was very low and then increased rapidly to approximately 1.6 mg/mL at postnatal day 5, followed by a subsequent decrease from 3 to 26 weeks of life. In our experiment, a slight decrease in pig-Map concentration from 16 weeks of life was also evidenced; however, more sampling points revealed different kinetics of pig-MAP serum concentration during pigs' life. Similarly as in the study of Piñeiro et al. (20) , a linear correlation between pig-MAP and Hp concentration was observed. However, in our study the concentration of both of these APP in pigs at respective age were slightly higher. In the study of Piñeiro et al. (20) in 4 to 12-week-old pigs, mean concentrations of pig-MAP were around 1 mg/mL, and about 0.8 mg/mL in finishing period. Haptoglobin concentrations increased in the course of time, from around 0.6 mg/mL at 4 weeks of age to 1.4 mg/mL at 12 weeks. In accordance to our study, mean values of around 0.9 mg/mL were observed in the finishing period.
As can been seen from SD values, great variations in CRP, Hp, and SAA concentrations were found. Other studies on pigs also reported a wide distribution of Hp concentrations in healthy pigs (20) . The minimal individual variability at the same age was found in regard to pig-MAP.
To our best knowledge, this is the first study reporting serum levels of CRP and SAA in healthy conventional pigs from birth to slaughter. Moreover, up to now, there have been no data about concentrations of CRP and SAA in other healthy animals during their life. Only one report was published on this subject (12) but in this study changes in the CRP and SAA serum concentration of healthy piglets were investigated only during first 7 d of their life. As it was found, the concentration of CRP did not differ significantly during this period, while there was a significant effect of age on plasma SAA level. The level was elevated on days 1, 3, and 5. Subsequently, there was a significant reduction on day 7 (12) . The authors concluded that it is possible that elevated levels of SAA result from the high cortisol concentrations found in piglets' serum just after birth. In the study of Chen et al. (2) , who investigated the dependence of APP levels in the serum and swine health status, the concentration of CRP in healthy 6 to 7-month-old pigs was much higher than those observed in our experiment and reached 84 μg/mL. The possible reason of such high level of CRP observed in the previous report could be an early-stage acute condition, prior clinical or gross manifestation, which might be involved. The lower concentration (about 50 μg/mL), but still higher than in our experiment, was found by Pallares et al. (15) on 190-day-old healthy pigs. However, in this experiment, contrary to our investigation, the blood was collected after road transport of pigs to the abattoir. Thus, the influence of stress on the concentration of CRP cannot be excluded.
In our experiment, the concentration of CRP increased over 1.5 fold during the period of study. Similar increase was found by Hutchinson et al. (8) in human. In this study, the mean CRP level approximately was doubled with age, from 1 mg/L in the youngest people (25-34 years of age) to 2 mg/L in older ones (65-74 years of age), and tended to be higher in females. As it has been shown in our study, the CRP exhibited a similar kinetics as pig-MAP, although with greater variation within the same age group. The SAA concentrations profile was similar to those observed for Hp.
A significant increase in all APP was observed in pigs serum after weaning, constituting an important characteristic of this period. Weaning is a critical period in a pig's life. It is connected with the huge changes that take place in the pig's surroundings, and the exposure to many ,,new" antigens. During stress, cortisol provokes proteolysis in the muscles and amino acids, released due to protein degradation during the acute phase response, are utilised for APP synthesis by the liver (12) . Therefore, the elevation of APP after weaning may be associated with stress induced by mixing animals after weaning or changes in the pattern of feed administration. The reason for the peak may be also the initiation of synthesis of APP by piglets. These data are in agreement with the results obtained by Piñeiro et al. (19) , who investigated the effects of mixing animals on serum concentration of APP in growing pigs. The response of APP after weaning might be also a result of increasing expression of pro-inflammatory cytokines, which takes place in the gut post weaning (18) .
On the basis of our study, we conclude that concentration of all investigated APP tended to increase with age. Positive significant correlations were evidenced with respect to serum concentration of CRP, Hp, SAA, as well as pig-MAP and the age of pigs. Because a statistically significant association between the age and APP concentrations exists, further studies are needed to decide whether the age may influence the diagnostic value of APP as a marker of infection. Additionally, studies are needed to estimate whether the APP response in infection is age-dependent to any clinical importance degree.
